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.e study was conducted from November 2015 to November 2016 to determine bacterial load and identify pathogenic bacteria (S.
aureus, E. coli, and Salmonellae species) in meat from abattoir and butcher shops as well as to assess associated hygienic and
sanitation practices being experienced in the selected study site. A cross-sectional study was conducted where a simple random
sampling method was used to select butcher shops, and the municipal abattoir was purposively selected. A structured ques-
tionnaire survey was also used to assess hygienic status of the municipal abattoir and butcher shops. A total of 124 samples (48
swab samples from abattoir carcass, 4 samples of carcass washing water about 20ml of each, and 36 swab samples each from
butcher shop cutting table and cutting knife, respectively) were collected during the study period. .e collected samples were
processed for aerobic plate count, and the total mean count was found to be 4.53 log10 cfu/cm2 from abattoir carcass swab samples,
2.4 log10 cfu/ml from water samples, 6.58 log10 cfu/cm2 from butcher shops cutting table, and 6.1 log10 cfu/cm2 from cutting knife
swab samples. E. coli was the dominant bacterial species isolated (35.2%), followed by S. aureus (22.5%) and Salmonellae species
(9.9%). According to the questionnaire survey, 48.4% (15/31) of the abattoir workers did not receive any training regarding food
safety issues. Moreover, a majority (66.67%) of the respondents of the butcher house workers were grade 1–4 (elementary) in their
educational level and do not use hairnet and handle money with bare hands during serving meat to consumers. .e study showed
that the hygienic status of the abattoir and butcher shops in the study area is poor, and the obtained results of bacterial load are
higher than the acceptable limit of the standard. .erefore, the necessary strategies towards hygiene and sanitation of meat in the
town should be implemented.

1. Introduction

Meat is one of the most perishable foods, and its compo-
sition is ideal for the growth of a wide range of spoilage and
pathogenic bacteria [1]. It is prone to contamination at
various stages from primary production to when it is ready
for consumption (farm-to-fork). Contaminated meat is one
of the main sources of food-borne illnesses and death caused
by agents that enter the body through ingestion [2]. Food-
borne diseases are diseases resulting from ingestion of
bacteria, toxins, and cells produced by microorganisms
present in food [3].

It is generally recognized that the most significant food-
borne hazards from fresh meat are bacteria that can cause
disease in humans (pathogenic bacteria), such as Salmonellae

species, Staphylococcus aureus, Listeria monocytogenes,
Campylobacter species, and Escherichia coli O157: H7. Some
of these, particularly E. coli O157: H7, require only a few
bacteria to cause food poisoning in humans..emain sources
of contamination are the slaughtered animals themselves, the
workers and working environment, and to a lesser degree,
contamination from air via aerosols and from carcass dressing
water [1, 4]. Moreover, the contaminating organisms are
derived mainly from the hide of the animals and comprise
organisms that originate from stomachs and intestines, which
are excreted in their feces [5].

Meat contamination in abattoirs and retail meat outlets
result from the use of contaminated water, unhygienic
practices like poor handling, use of contaminated tables to
display meat intended for sale, and the use of contaminated
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knives and other equipment in cutting operations [6].
Knives, wooden boards, and weighing scales from retail
shops are sources of bacterial contamination, particularly
Staphylococcus aureus and Shigella species [7].

Testing against microbiological criteria provides a way of
measuring how well the operator has controlled the
slaughter, dressing, and production processes to minimize
and control contamination [8]. Bacterial counts of meat are
used as an acceptable indicator of its hygienic quality. .e
poor infrastructural facilities in slaughter houses, unhygienic
animals, and poor handling of carcasses attribute to the high
bacterial load in meat. .us, by assessing the bacterial
counts, the threat posed to human health can be ascertained
[1]. Food-borne diseases occur commonly in developing
countries because of the prevailing poor food handling and
sanitation practices, inadequate food safety laws, weak
regulatory systems, lack of financial resources to invest in
safer equipment, and lack of education for food handlers [9].

Hygienic and quality control methods of meat and meat
products, especially in food catering, have been recom-
mended in many countries [10]. Without proper hygienic
control, the environment in abattoir and butcher’s area can
act as important sources of bacterial contamination [11].

.e demand and consumption of animal products such
as meat (especially raw meat) is high in Bishoftu town in
particular and in the country in general. Moreover, Bishoftu
is known by natural gifts of lakes that attract tourists and are
frequently visited by national and international guests. .us,
understanding the existing situation on food-borne in-
fections and designing appropriate control strategies are
mandatory. Nevertheless, reports on the hygienic status and
handling practices of meat in abattoir and butcher shops are
fragmented because no comparable data are available re-
garding the assessment of food safety practice, food-borne
diseases, and microbial load of meat in the abattoir and
butcher shops of the study area. .ese factors could hinder
government’s ability to accurately apply measures on the
impact of food contamination problems on public health.
.erefore, the objectives of this study were to determine
bacterial load and identification of pathogenic bacteria (S.
aureus, E. coli, and Salmonellae species) in meat from ab-
attoir and butcher shops as well as to assess associated
hygienic and sanitation practices being experienced in
Bishoftu, central part of Ethiopia.

2. Materials and Methods

2.1. Study Area Description. Bishoftu is located in central
Ethiopia, at a distance of 47 km of the South East of Addis
Ababa, the capital city of the country. .e town has seven
lakes located in different parts that present an excellent
opportunity for the development of resorts that contributes
to the enjoyable climate and adds color to the town. .e
richness of the landscape, variety of flowers, and blueness of
the lakes attract tourists and are more frequently visited by
guests from different parts of the world throughout the year.
Bishoftu has a total residential population of 200,000 people,
which is rapidly growing [12]. .e town lies between 8°35′N
latitude and 39°06′ E longitude and an altitude of 1860meter

above the sea level, and the area has annual rainfall of
871mm (long rainy season from June to September and
short rainy season from March to May and the dry season
fromOctober to February)..emean annual maximum and
minimum temperatures are 26°C and 14°C, respectively,
with a minimum relative humidity of 63.8% [13].

2.2. StudyDesign and Target Groups. A cross-sectional study
design was employed, whereby a simple random sampling of
butcher shop was carried out and the municipal abattoir
which was the source of meat to the butcher houses of the
city was purposively selected. Only cattle were slaughtered at
the municipal abattoir. Meat surface swab samples, water
from abattoir, and equipment’s (cutting table and knife)
swab samples from butcher shops were collected aseptically,
processed, and analyzed bacteriologically. .e hygiene and
sanitation practiced was assessed using a structured ques-
tionnaire that was administered to workers in abattoir and
butcher shops. Animals originated from the surrounding
and different parts of the country such as Harar, Adama,
Borana, Arsi, Bale, and others to be slaughtered. .e study
was conducted from November 2015 to November 2016 in
Bishoftu municipal abattoir and butcher shops.

2.3. Questionnaire Survey. A structured questionnaire was
prepared to assess the knowledge of workers in abattoir and
butcher shops regarding the hygienic and sanitary practices
during slaughter and processing of meat. .e respondents
were posed with the following questions to be answered.
Educational status, exposure and frequency of training,
effectiveness of training, practices of reporting illness and
presence of hygienic regulatory system, if they use protective
clothes, possess jewelry materials, money handling practices,
and application of cleaning butcher shops. Simultaneously,
observational study of the municipal abattoir and butcher
houses was undertaken during the study period.

2.4. Sample Collection. A total of 124 samples were collected
aseptically from abattoir and butcher houses. Sterile cotton
tipped swabs soaked into buffered peptone water were used
for swabbing in a template of 5 cm× 10 cm area of carcasses,
cutting table, and knife as described in [14, 15]. .e samples
were properly labeled, kept in icebox, and transported to the
National Veterinary Institute (NVI), Bishoftu, for bacteri-
ological analysis.

2.5. Enumeration of Total Aerobic Plate Count. Each swab
sample was added to 9ml of sterile buffered peptone water
under aseptic condition and well mixed with a vortex mixer
[14]. Tenfold serial dilution up to 10−8 was made from 1ml
of the sample (original suspension) and 9ml of buffered
peptone water. From appropriate dilutions, 0.1ml of the
suspension was inoculated into labeled sterilized petridish in
duplicate plates and 20ml of melted plate count agar at
(45–50)°C was poured on for each plate and mixed by ro-
tating [16]. .e plates were incubated at 37°C for 24–
48 hours after the agar was solidified [17]. Four samples of
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carcass washing water were collected directly during
washing carcass and analyzed for bacterial load in a similar
way for the carcass swab samples except 1ml of the sus-
pension was plated from 10−2 and 10−3 in duplication [18].
.e number of distinct colonies on each plate was enu-
merated using a colony counter, colonies ranged from
30–300 on each plate were accepted [19, 20], and colony
forming units (cfu) per ml for water sample and per cm2 for
the rest samples were calculated using the formula described
in [16]. .e results were converted to log10 cfu/cm2, and
mean values of total aerobic plate counts were determined.
.e results were classified as below average and above av-
erage comparing with the standards described in [2],
i.e., maximum limit of bacterial load that is acceptable with
aerobic plate count of 5.0 log10 cfu/cm2 from raw meat.

2.6. Isolation and Identification of Bacteria. Bacterial iso-
lation was performed using nutrient agar (HiMedia, India)
and Tryptic soya agar (DIFCO, England) as general and
enriched media. MacConkey agar (Sigma-Aldrich, United
States) was used as a differential media. Selective media such
as Baird–Parker agar (OXOID, England) for Staphylococcus
species; Eosin methylene blue agar (HiMedia, India) for
Escherichia coli, and Salmonella-Shigella agar (Titan Biotech,
India) for Salmonellae and Shigella species were used for
isolation and identification purpose. Presence of Salmonellae
in the sample was established by preenrichment of the sample
in lactose broth, followed by selective enrichment in tetra-
thionate broth and then cultured media on Brilliant green
agar (OXOID, England). All the media used in the present
study were prepared according to the manufacturer’s speci-
fication, and collected samples were inoculated into plates and
incubated at 37°C for 24–48 hours [19, 21]. Colonies identified
as discrete on nutrient agar or Tryptic soya agar were carefully
examined macroscopically (using stereo microscope) for
cultural characteristics such as the shape, color, size, and
consistency. Gram staining as well as appropriate biochemical
tests was carried out according to the standard procedure
[22]. .e isolates were identified by comparing their mor-
phological and biochemical characteristics with standard
reference organisms of known taxa, as described in Bergey’s
Manual for Determinative Bacteriology [23].

2.7. Data Analysis. A database was developed to store
qualitative and quantitative data from the cross-sectional
study using Microsoft Excel 2010 spread sheet. STATA
version 11 was used to compute descriptive statistics of
variables collected during the study. Overall bacterial load
was calculated using descriptive statistics of the sample
through frequencies and cross tabulations.

3. Results

3.1. Questionnaire Survey. .e abattoir workers were
interviewed concerning their educational status, whether
received training, presence of health certificate, reporting
illness, protective clothing used, etc., as described in Table 1.
Out of 31 interviewed abattoir workers, 48.4% of them did

not received training. Forty-two percent of the workers had
no health certificate, 64.5% of respondents report that they
wore jewelry materials during working hours, and the ab-
attoir has no organized written regulation system that can
enforce the workers to keep the discipline of the work re-
garding hygiene. During the study, it was observed that there
was no clear division of dirty and cleaning area of slaugh-
tering process: stunning, bleeding, skinning, evisceration, or
hanging, and cutting/deboning. Moreover, there was no
cooling and sterilizing facility and preventive mechanism
installed for insects and rodents in the municipal abattoir.

Table 2 summarizes various aspects of butcher shop
workers regarding hygiene and sanitation conducted in their
shops. A majority (66.67%) of the respondents were grade
1–4 (elementary) in their educational level and 58.33% of the
respondents did not receive training regarding meat han-
dling practices. 66.67% of butcher shop workers did not
cover their hair using hairnet and handled money with bare
hands during serving the meat to the consumers.

3.2. Aerobic Plate Count. Forty-eight swab samples from
abattoir carcass, thirty-six swab samples from cutting knife,

Table 1: Summary on the various hygienic status of the municipal
abattoir.

Characteristics Frequency Percent
Educational status (n � 31)

Grade 1–4 13 42
Grade 5–8 9 29
Grade 9–12 5 16
Above grade 12 4 13

Received training (n � 31)
Yes 16 51.6
No 15 48.4

Frequency of training (n � 16)
Annually 6 37.5
Every other year 10 62.5

Effectiveness of training (n � 16)
Yes 5 31.25
No 11 68.75

Presence of health certificate (n � 31)
Yes 18 58
No 13 42

Protective clothing used (n � 31)
Overall and gumboot 31 100
Apron 22 71
Hair cover 16 51.6

Use of jewelry material (n � 31)
Yes 20 64.5
No 11 35.5

Report illness (n � 31)
Yes 23 74.2
No 8 25.8

Health management action (n � 23)
Medical examination and treatment 15 65.2
Traditional approach 8 34.8

Presence of sanitary regulation system (n � 31)
Yes 0 0
No 31 100

n � number of respondents.
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and thirty-six swab samples from cutting table were taken
and analyzed as indicated in Tables 3 and 4. .e total mean
bacterial count log10 cfu/cm2 was found to be 4.53 and 6.37
from municipal abattoir and butcher house swab samples,
respectively. .e total aerobic plate counts (cfu/ml) from
water samples were 2.1× 102 in round 1, 1.8×102 in round 2,
3.2×102 in round 3, and 2.6×102 in round 4, and the total
mean aerobic plate count of the water sample accounted
2.4 log10 cfu/ml.

.emean bacterial count (log10 cfu/cm2) was found to be
6.1 and 6.58 for the samples from cutting knife and cutting
table, respectively, as indicated in Figure 1.

.e aerobic plate count showed with 4.2 and
8.45 log10 cfu/cm2 minimum and maximum bacterial load,
respectively. .e standard deviation and overall aerobic
plate count from butcher shops are described as in Figure 2.

3.3. Bacterial Isolation. Bacterial contaminants found in the
meat samples were S. aureus, E. coli, and Salmonella species.
E. coli was the dominant isolate (35.2%), followed by S.
aureus (22.5%). Klebsiella species, Proteus species, and
Shigella species were also identified concurrently during the
isolation and identification as described in Table 5.

4. Discussion

Abattoir is one of the food industries that contribute to the
problem of possible food-borne diseases and health hazards

associated with food unless the principles of food-borne
hygiene practices are implemented [24]. .e current study
showed that there was no clear division of slaughtering
process: stunning, bleeding, skinning, evisceration, hanging,
and cutting/deboning. Furthermore, there was no preventive
mechanism installed for insects and rodents in municipal
abattoir which is similar with report in [25].

.e hygienic condition of the abattoir workers has
potential to contribute for contamination in meat pro-
cessing. .e author [26] reports unclean slaughter men’s
hands, clothing, and equipment used in carcass dressing
process accounted for the microbial contamination. .e
study shows that 48.4% of abattoir workers did not cover
their hair, 29% did not use apron, and 64.5% worn jewelry
(ring, bracelets, watch, etc.) during working time. .is
finding is in agreement with [25] where 61.6% of abattoir
workers did not cover their hair and wearing jewelry was not
controlled at all.

.e practice of wearing protective clothes helps to re-
duce the burden of contaminants in meat. Regarding this,
the Ethiopian Ministry of Agriculture [27] recommends that
personal clothing can carry microorganisms (germs) that
have been gathered from a wide variety of sources into the
meat or meat handling facility. .erefore, to protect meat
and meat handling facilities from contamination because of
personal clothing, protective overalls or hair cover should be
worn at all times when handlingmeat..e overalls should be
light in color so that contamination can be easily identified
and the overalls cleaned easily. .e wearing of jewelry,
watches, and other detachable items should be discouraged.
Dirt and organisms such as S. aureus can build up and
around such items, and they pose a risk of foreign body
contamination if they fall into the meat.

In addition to their clothes, the workers by themselves
can be a probable source of contamination due to illness. It
was recommended that new applicants could be examined
clinically and bacteriologically before they are employed and
at regular intervals afterwards. .e examination should
include medical history to determine past infections with
special reference to dysentery, typhoid, and paratyphoid
fevers, venereal and skin diseases, and bacteriological ex-
amination of stool and urine [28]. Most of the respondents
agree in this study that even though the new applicants were
asked for health certification, no periodic health status
checkup was carried out in the abattoir. Out of those workers
who reported illness (74.2%), 34.8% did not report through
legal way (approved by medical examination). According to
[28], emphasis should be placed that the workers with any
sign of illness (diarrhea, vomiting, discharging wounds,
sores etc.) should refrain from work until they are known
not to be harboring dangerous pathogens.

Hygiene problems are not limited to slaughtering house
but also associated with incorrect processing and marketing
practices. According to the results of this study, 66.67% of
the butcher shop workers handle money while serving food.
Paper currency is widely exchanged for goods and services in
countries worldwide. It is used for every type of commerce.
All these trades are in hard currency, with lower de-
nomination notes receiving the most handling because they

Table 2: Summary of the butcher shops workers responses
(n � 12).

Variable Frequency Percent
Education status (grade)
Grade 1–4 8 66.67
Grade 5–8 2 16.67
Grade 9–12 1 8.33
Above 12 1 8.33

Received training
Yes 5 41.67
No 7 58.33

Effectiveness of training (n � 5)
Yes 3 60
No 2 40

Hair of the butcher
Covered 4 33.33
Not covered 8 66.67

Apron/white coat
Use 10 83.33
Not used 2 16.67

Handling money
Butcher with bare hand 8 66.67
Cashier 4 33.33

Jewelry (ring, watch, bracelets)
Worn 10 83.33
Not worn 2 16.67

Application of cleaning
Water only 9 75
Water and soap, detergent, etc. 3 25

Frequency of cleaning
Daily 5 41.67
Every other day (once in 48–72 hrs) 7 58.33
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are exchanged many times, and this makes it last less than a
few years in circulation and provides a large surface area as a
breeding ground for pathogens [29]. Handling of carcasses
and money with the same unwashed hands could be good
sources of contamination [30]. According to Muinde and
Kuria’s [31] report, handling of foods with bare hands may
also result in cross contamination. Because meat handlers
are probable sources of contamination for microorganisms,
it is important that all possible measures should be taken to

reduce or eliminate such contamination, which is supported
by this study.

Similar to the abattoir, protective cloth is important in
the butcher shops to reduce the chance of contamination. In
order to protect both food products and meat handlers from
cross contamination, the abattoir and butcher shop workers
should wear protective clothes while working [32]. In this
study, 66.67% of butcher shop workers did not cover their
hair, which is in line with study conducted in Mekelle by
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Figure 1: Aerobic plate count from cutting table and knife. ∗apcct� aerobic plate count from cutting table; apcck� aerobic plate count from
cutting knife; mn�mean.

Table 3: Aerobic plate counts from abattoir in (log10 cfu/cm2).

Round of sample
collection

No. of
observations

Mean
(log10 cfu/cm2) Standard deviation (SD) Minimum count

(log10 cfu/cm2) Maximum count (log10 cfu/cm2)

R∗1 12 4.41 0.62 3.7 5.49
R2 12 4.69 0.98 3.5 6.25
R3 12 4.38 0.67 3.6 5.38
R4 12 4.64 0.68 3.56 5.46
Average — 4.53 0.74 — —
∗R� round of sample collection.

Table 4: APC from cutting knife and cutting table of butcher shops in log10 cfu/cm2.

Code of butcher house apcct1 apcck2 apcct2 apcck2 apcct3 apcck3
A 6.47 5.6 7.49 5.74 7.17 7.6
B 6.57 6.1 7.75 5.75 6.6 6.25
C 6.67 5.6 6.85 5.6 7.2 7.5
D 5.47 6.7 5.68 6.18 6.5 6.6
E 6.69 6.6 7.5 6.14 7.3 6.4
F 6.5 6.67 6.6 5.3 6.56 6.6
G 6.47 6.3 7.52 6.3 7.63 5.6
H 6.53 5.6 6.38 5.6 5.67 5.5
I 5.8 5.4 6.49 7.6 7.3 6.5
J 6.5 6.3 6.41 6.5 5.7 5.6
K 4.2 4.8 4.92 4.8 5.17 4.9
L 6.7 5.6 7.65 6.4 8.45 7.5
apcct� aerobic plate count from cutting table in three rounds (1, 2, and 3). apcck� aerobic plate count from cutting knife in three rounds (1, 2, and 3).
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Endale and Hailay [33]. Even though 83.33% of them had
protective clothes (white coat), most of the workers in
butcher shops had no habits of wearing it which is similarly
reported in [34] from Tanzania.

Regular cleaning and disinfection of the beef retail
outlets is important since it helps to reduce microbial
contamination. Observation showed that most of the
butcher shops are found on the roadmargin, exposed to dust
due to wind or vehicle, and the organism found in it can
contaminate them. Most of the surveyed butcher shops had
poor hygienic condition concerning cleaning of their shops.
.is study is in agreement with [7] who reported lack
knowledge of disinfection and sanitization by the butcher
men.

Training of food handlers concerning basic concepts and
requirements of personal hygiene plays a key role for en-
suring safe food [35]. .e level of education and training of
food handlers about the basic concept and requirements of
personal hygiene and its environment plays an important
part in safeguarding the safety of products to consumers..e
present study revealed that most of the abattoir and butcher
shop workers had a low level of education. .is could make
difficult in acceptability of modern slaughtering practices as
well as adherence to strict hygienic and standard slaugh-
tering practices that contribute to microbial contamination,
which is in line with report in [34].

.e aerobic plate count (APC) is used as an indicator of
the level of bacteria inmeat and is a useful tool inmonitoring
food safety. To prevent the occurrence of food-borne ill-
nesses and possible meat spoilage, it is important to ensure
that foods sold are safe, wholesome, and in good hygienic
condition. In this study, 37.5% of the abattoir carcass swab

samples were found exceeding the limit (105 cfu/cm2 or
5.0 log10 cfu/cm2) of total plate count on meat set by the
WHO [2]. If the bacterial count exceeds the above standard
in fresh meat, then the meat is not acceptable and this in-
dicates alarm signals onmeat hygiene alongmeat chain from
abattoir to butcher shops. .e total mean value in the
present study of abattoir carcass swab sample was
4.53± 0.74 log cfu/cm2. Similar value has been reported by
[36] from Algeria and [25] Mekelle abattoir in Ethiopia,
which had a mean value of 4.48± 0.63 log cfu/cm2 and
5.04 log cfu/cm2, respectively. However, the result of the
present study is lower than 5.80± 0.17 log cfu/cm2 reported
in [37] at Mumbai abattoir in India. .e difference could be
due to the hygienic condition performed by workers in the
abattoir.

.e water used in slaughterhouse can also contaminate
the meat during washing. .e water used for cleaning
procedures and meat processing in the abattoir must meet
drinking water standards [38]. For this reason, an adequate
supply of potable water should be available to meet oper-
ational and cleanup needs and it should be analyzed fre-
quently to confirm its quality [39]. .e total mean value of
examined water samples during the study was 2.4 log10 cfu/
ml. .e present finding is higher than the report of Tarwate
et al. [40], who reported a mean value of 2.1 log10 cfu/ml
from water in abattoir. However, it is lower than the report
of Pius [34] who had reported a mean value of 4.3 log10 cfu/
ml in Ibadan, Nigeria. .e variability of the results could be
due to the quality of water used in the abattoir for washing
carcass and regular monitoring and follow-up.

.e high microbial load on the knife and cutting table is
an indication of inadequate cleaning. Usually in the study

9
8
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3
2
1
0

apcct1 apcck1 apcct2 apcck2 apcct3 apcck3

Mean
Standard deviation
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Maximum

Figure 2: Characteristics of the bacterial load distribution described in mean and standard deviation.

Table 5: Isolated bacteria from collected samples.

Isolated bacteria Abattoir (%) Cutting table (%) Cutting knife (%) Water (%) Total (%)
E. coli 7 (28) 9 (36) 7 (28) 2 (8) 25 (35.2)
S. aureus 4 (25) 7 (43.75) 5 (31.25) 0 16 (22.5)
Salmonella spp. 1 (14.3) 4 (57.1) 2 (28.6) 0 7 (9.9)
Klebsiella spp. 2 (15.4) 3 (23) 6 (46.2) 2 (15.4) 13 (18.3)
Proteus spp. 1 (12.5) 3 (37.5) 3 (37.5) 1 (12.5) 8 (11.3)
Shigella spp. 0 2 (100) 0 0 2 (2.8)
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area, knives are washed only with water and there is poor
sterilization and continuous use of a single knife despite
contact with dirty or contaminated surfaces. .e presence of
bacterial pathogens in meat contact surfaces may contribute
to the contamination of meat [33]. In a similar way, the
present study revealed the total mean of APC from butcher
house equipment (cutting knife and cutting table). .is
result is similar with the value obtained from knife in [34] of
6.16± 1.25 log10 cfu/cm2 in Tanzania. .e result of the
cutting table is in agreement with findings in [33]. However,
the highest bacterial load, 8.5 log10 cfu/cm2, from the cutting
table of butcher shop was reported from the study conducted
in Pakistan [7]. .e variations of bacterial load observed in
different studies might be due to lack of good processing and
handling practices and sanitary standard operating pro-
cedures of meat along the meat production chain [34].

Even though the aim of this study was to isolate S.
aureus, E. coli, and Salmonellae species, Klebsiella, Proteus,
and Shigella species were also identified concurrently.
Similar bacterial contaminants have been reported by dif-
ferent workers on food, water, and environmental samples
[33, 41–43]. Among isolated bacteria, E. coli was the pre-
dominant organism followed by S. aureus and Salmonella
species with minimum load from objectively isolated and
identified bacteria in this study. Similar result was also re-
ported by other investigators [33, 41] where they isolate these
bacteria from meat and other environmental samples. .e
higher rate of contamination of meat with these organisms is
an indication of deplorable state of poor hygienic and
sanitary practices employed right from the slaughtering
house, transportation to butcher shops, and processing at
the butcher shops [25].

5. Conclusion and Recommendations

.e results obtained from this study showed that there was
high microbial load in abattoir and butcher shops. .e high
microbial logarithmic mean values (aerobic plate counts)
from the samples tested are an indication of poor meat
quality, making it a potential source of food-borne infection
caused by E. coli, S. aureus, and Salmonella species and food
spoilage. .is was due to many factors such as the low level of
sophistications, poor hygienic and sanitation procedures
conducted at the abattoir and butcher shops, lack of training,
and low educational level of the workers. From these results, it
can be figured out that contamination was present right from
the abattoir to the butcher shops where the meat produced in
the study site is contaminated before it gets into the hands of
consumers. .erefore, it is important to create awareness
about hygiene and sanitation of meat both in abattoir and
butcher shop, and appropriate control method of the prob-
lems should be designed and implemented. Moreover, further
investigation should be carried out to isolate and characterize
the bacterial load of meat in different study areas.

Data Availability

.edatasets used during the current study are available from
the corresponding author on reasonable request.

Conflicts of Interest

.e authors have not declared any conflicts of interest.

Acknowledgments

.e authors would like to thank all abattoirs’ workers and
butchers who participated in this study. .ey also thank
Mekelle University for financial support. Moreover, the
authors thank the Ethiopian Institute of Agricultural Re-
search for logistic support.

References

[1] W. Birhanu, S. Weldegebriel, G. Bassazin, F. Mitku, L. Birku,
and M. Tadesse, “Assesment of microbiological quality and
meat handling practices in butcher shops and abattoir found
in Gondar town, Ethiopia,” International Journal of Micro-
biological Research, vol. 8, no. 2, pp. 59–68, 2017.

[2] WHO, Food Safety and Food Borne Illness, Fact sheet No. 237,
World Health Organization, Geneva, Switzerland, 2007.

[3] I. Okonko, I. Ikpoh, A. Nkang et al., “Assessment of bacte-
riological quality of fresh Meats sold in Calabar Metropolis,
Nigeria,” Electronic Journal of Environmental, Agricultural
and Food Chemistry, vol. 9, no. 1, pp. 89–100, 2010.

[4] R. G. Bell and S. C. Hathaway, “.e hygienic efficiency of
conventional and inverted lamb dressing systems,” Journal of
Applied Bacteriology, vol. 81, no. 3, pp. 225–234, 1996.

[5] B. Norrung, J. K. Anderson, and S. Buncic, “Main concerns of
pathogenic microorganisms in meat,” in Safety of Meat and
Processed Meat, F. Toldra, Ed., pp. 3–29, Springer, New York,
NY, USA, 2009.

[6] G. Fasanmi, S. Olukole, and O. Kehinde, “Microbial studies of
table scrapings frommeat stalls in Ibadan metropolis, Nigeria:
implications on meat hygiene,” African Journal of Bio-
technology, vol. 9, no. 21, pp. 3158–3162, 2010.

[7] N. Ali, A. Farooqui, A. Khan, and S. Kazmi, “Microbial
contamination of raw meat and its environment in retail
shops in Karachi, Pakistan,” Journal of Infection in Developing
Countries, vol. 4, no. 6, pp. 382–388, 2010.

[8] MIG, Microbiological Criteria Information for the UK Meat
Industries, MIG, Moscow, Russia, 2006.

[9] WHO, Regional Office for Africa, “Developing and main-
taining food safety control systems for Africa current status
and prospects for change,” in Proceedings of the Second FAO/
WHO Global Forum of Food Safety Regulators, pp. 12–14,
Bangkok, .ailand, October 2004.

[10] H. Tavakoli and M. Razipour, “Microbial quality of cooked
meat foods in Tehran Universities restaurants,” Pakistan
Journal of Medical Science, vol. 24, pp. 595–599, 2008.

[11] C. O. Gill, B. Deslandes, K. Rahn, A. Houde, and J. Bryant,
“Evaluation of the hygienic performances of the processes for
beef carcass dressing at 10 packing plants,” Journal of Applied
Microbiology, vol. 84, no. 6, pp. 1050–1058, 1998.

[12] ECA, Ethiopian Cities Association, Ethiopia. http://www.
ethiopiancities.org.

[13] C. Vaughan, R. cousin, T. Dinku, K. Hilemariam, and
M. Lemma, Improving Resilience to Climate Impacts in
Ethiopia through Improved Availability, Access and Use
of Climate Information: Dialogue With Users, National Me-
teorology Agency, Addis Ababa, Ethiopia, 2013.

[14] Government Food Authority, Environmental Swabbing; A
Guide to Method Selection and Consistent Technique, 6 Avenue

International Journal of Microbiology 7

http://www.ethiopiancities.org
http://www.ethiopiancities.org


of the Americas Newwington, Government Food Authority,
New South Wales, Australia, 2013.

[15] SOP, Standard Operating Procedure for Microbiological Ex-
amination of Carcasses by Wet/Dry Swabbing, SOP, UK, 2008.

[16] BS EN ISO 4833, British Standard Institute, Total Aerobic
Plate Count Standard Protocol for Carcass Swabs, ISO, Ge-
neva, Switzerland, 2015, http://www.ukmeat.org/pdf/
TotalAerobes.pdf.Viewedon:6/4/2015.

[17] K. Swanson, F. Busta, E. Peterson, and M. Johnson, “Colony
count methods,” in ?e Compendium of Methods for the
Microbiological Examination of Foods, pp. 75–77, American
Public Health Association, Washington, DC, USA, 3rd edi-
tion, 1992.

[18] APHA, Standard Methods for the Examination of Water and
Wastewater, American Public Health Association, Wash-
ington, DC, USA, 2014.

[19] J. Quinn, E. Carter, B. Markey, and R. Carter, Clinical Vet-
erinary Microbiology, Mosbey, Maryland Heights, MI, USA,
2004.

[20] S. Scott, “Accuracy of plate counts,” Journal of Validation
Technology, vol. 17, no. 3, pp. 42–46, 2011.

[21] N. Krieg and J. Holt, Bergey’sManual of Systematic Bacteriology,
Williams and Willkins, Vol. 1, Baltimore, MD, USA, 1984.

[22] S. Oyeleke and S. Manga, Essentials of Laboratory Practicals in
Microbiology, Tobest Publisher, Minna, Nigeria, 2008.

[23] R. Buchanan and N. Gibbons, Bergey’s Manual of De-
terminative Bacteriology, Williams &Wilkins, Baltimore, MD,
USA, 8th edition, 1984.

[24] H. Roberts, L. Jager, and G. Blight, “Waste-handling practices
at red meat abattoirs in South Africa,” Waste Management &
Research, vol. 27, no. 1, pp. 25–30, 2009.

[25] M. Haileselassie, H. Taddele, K. Adhana, and S. Kalayou,
“Food safety knowledge and practices of abattoir and butchery
shops and the microbial profile of meat in Mekelle city,
Ethiopia,”Asian Pacific Journal of Tropical Biomedicine, vol. 3,
no. 5, pp. 407–412, 2013.

[26] L. Adetunde, R. Glover, A. Oliver, and T. Samuel, “Source and
distribution of microbial contamination on beef and Chevron
in Navrongo, Kassena Nankana district of Upper East region
in Ghana,” Journal of Animal Production Advances, vol. 1,
no. 1, pp. 21–28, 2011.

[27] MoA, Animal and Plant Health Regulatory Directorate, Meat
Handlers Personal Hygiene Guideline for Abattoir and Airport
Cargo Terminal Workers, Ministry of Agriculture, Addis
Ababa, Ethiopia, 2010.

[28] WHO, “European technical conference on food borne in-
fections and intoxications,” Technical Report series No 184,
World Health Organization, Geneva, Switzerland, 1959.

[29] P. Gadsby, “Filthy lucre-money contaminated with bacteria,”
Discover, vol. 19, p. 76, 1998.

[30] R. Nevry, M. Koussemon, and S. Coulibaly, “Bacteriological
quality of beef offered for retail sale in cote divoire,” American
Journal of Food Technology, vol. 6, no. 9, pp. 835–842, 2011.

[31] O. Muinde and E. Kuria, “Hygienic and sanitary practices of
vendors of street foods in Nairobi, Kenya,” African Journal of
Food and Agriculture Nutrition Development, vol. 5, p. 1, 2005.

[32] S. Nel, J. F. R. Lues, E. M. Buys, and P. Venter, “.e personal
and general hygiene practices in the deboning room of a high
throughput red meat abattoir,” Food Control, vol. 15, no. 7,
pp. 571–578, 2004.

[33] B. Endale and G. Hailay, “Assessment of bacteriological
quality of meat contact surfaces in selected butcher shops of
Mekelle city, Ethiopia,” Journal of Environmental and Oc-
cupational Science, vol. 2, no. 2, pp. 61–66, 2013.

[34] D. Pius, “Assessment of microbial contamination in beef from
abattoir to retail meat outlets in Morogoro municipality,”
Degree of Master of Science in Public Health and Food Safety,
Sokoine University of Agriculture, Mororogo, Tanzania, 2013.

[35] M. Adams andM.Moss, FoodMicrobiology,.e Royal Society
of Chemistry, Cambridge University Press, New York, NY,
USA, 1997.

[36] N. Siham andM. Taha, “Superficial bacterial contamination of
ovine and bovine carcasses at El-Harrach slaughterhouse,
Algeria,” European Journal of Scientific Research, vol. 38, no. 3,
pp. 474–485, 2009.

[37] G. Sudhakar, A. Bhandare, V. Paturkar, S. Waskar, and
R. Zende, “Bacteriological screening of environmental sources
of contamination in an abattoir and the meat shops in
Mumbai, India,” Asian Journal of Food Agriculture-Industry,
vol. 2, no. 3, pp. 280–290, 2009.

[38] O. Adebowale, D. Alonge, S. Agbede, and O. Adeyemo,
“Bacteriological assessment of quality of water used at the
Bodija municipal Abattoir, Ibadan, Nigeria,” Sahel Journal of
Veterinary Science, vol. 9, no. 2, pp. 63–67, 2010.

[39] Canadian Food Inspection Agency, Guideline for Food Safety,
Canadian Food Inspection Agency, Kitchener, Canada, 2010.

[40] B. Tarwate, A. Sherikar, and H. Murugkar, “Microbiological
analysis of environmental lsources of contamination in
Deonar abattoir,” Journal of Food Science and Technology,
vol. 30, pp. 127–129, 1993.

[41] A. Ajao and T. Atere, “Bacteriological assessment and hy-
gienic standard of food canteens in Kwara State Polytechnic,
Ilorin, Nigeria,” Journal of African Scientists, vol. 10, no. 3,
pp. 173–180, 2009.

[42] O. Bello and O. Adeleke, “Comparative study of bacterio-
logical qualities of meat pies sold in some standard eateries
and local kiosks in Ogun state, Nigeria,” Journal of Applied
Science Report, vol. 2, no. 2, pp. 39–45, 2013.

[43] P. Kumar, J. Rao, Y. Haribabu, and D. Manjunath, “Micro-
biological quality of meat collected from municipal slaughter
houses and retail meat shops from Hyderabad Karnataka
region, India,” APCBEE Procedia, vol. 8, pp. 364–369, 2014.

8 International Journal of Microbiology

http://www.ukmeat.org/pdf/TotalAerobes.pdf.Viewedon:06/4/2015
http://www.ukmeat.org/pdf/TotalAerobes.pdf.Viewedon:06/4/2015

